We have designed an embedded controller for the control of a diesel generator using an embedded system. The generator is monitored and controlled remotely via the internet in real-time. The proposed digital controller is designed to handle precisely the distortions and noises of the signals emanating from the diesel generator, and enables abnormal operation of the diesel generator to be notified to the remote manager using the Short Message Service (SMS) of the Internet, which enables the appropriate personnel to take action by remote control according to the incoming messages.
Introduction
The embedded system is a specially designed computer system that is completely encapsulated by the device it controls. The embedded system has specific requirements and performs pre-defined tasks.
The diesel generator is used when electricity is not readily available, or when power failures occur due to natural disasters such as typhoons or floods, or during other unexpected crises.
Generally, the diesel generator operates in analog. The analog type controller cannot be processed precisely due to the distortions and noises coming from the data. In order to increase data accuracy, the controller needs to be digitalized.
Most digital remote controllers currently in use include microprocessors, but they are inferior to embedded systems which offer functionality and quality in diesel controllers [1, 2] .
An embedded system is a computer that is equipped with an operating system, and as a result, applications are easily developed using utilities like a network socket program and a Graphic User Interface (GUI). Also, the modification and updating of implementations can be accomplished easily by reprogramming the code instead of constructing new hardware.
The proposed digital controller uses embedded hardware and software. The embedded controller connects to a remote server via the internet; therefore the generator can be monitored and controlled remotely from the web server. Urgent messages from the generator will also be reported to the engineer using SMS.
Overall System Configuration
The proposed system consists of an embedded controller and a web server. The embedded CPU controls the diesel generator and uses the internet network to send data to the web server. The web server stores and analyzes the data that comes from the local embedded controller. Figure 1 shows how the embedded controller transfers the data to the web server, and how the web server stores the received data in MySQL DB. The administrator PC connects to the web server and monitors the data stored in the MySQL DB. If the embedded controller sends an urgent message to the web server, the TCP/IP Server daemon will send the received urgent message to the engineer using the SMS service. 
Embedded Controller Hardware Design
The embedded system we developed in this paper uses the HBE-EMPOS Tiny, which has the Intel Xscale PXA255 (400Mhz) microprocessor [3] as a test bed, and The analog signal from the generator is received by the 8 channel ADC 0809 (A /D converter) and is transformed into digital data. The transformed data is processed in the application programs in the HBE-EMPOS Tiny. Table 1 shows the memory maps for the I/O data from the generator. 
Fig. 2. Diesel generator embedded controller

Software Design
The application program for the embedded controller is created by using the C language. Getgauge in the program transforms the input data into the visible digital data. It performs key processing, displaying output, error processing, and button processing.
Fig. 3. Main Code Flow Chart
Communication Module
The TCP/IP protocol is widely used in such internet applications as email transfer, file transfer using FTP, and web page creations using the HTTP [5] . Therefore, TCP/IP protocol can be used to communicate messages between the embedded controller and the web server.
Various data such as the input voltages collected from the diesel generator are saved into files. At this time, the TCP/IP client module creates sockets, and immediately tries to connect to the web server. It reads the log files, and sends them to the TCP/IP server daemon of the web server through the sockets.
The web server should run its TCP/IP server daemon to receive the data. The TCP/IP server daemon should be running in the background mode so that it operates only when there is a request from the TCP/IP client module. Figure 4 is the TCP/IP server daemon pseudo code. select() allows communication between the TCP/IP clients [6] . The TCP/IP client module connection is conducted only when requested, and read() reads the data and stores them in the MySQL DB when the TCP/IP client sends the data.
Fig. 4. TCP/IP Server Daemon
Construction of remote web servers
The operating system of the web server is LINUX, and the APM (Apache+PHP+MySQL) package has been installed in the construction of the web server. Tables 2 and  3 are the MySQL DB tables for storing the data that has been sent from the TCP /IP client. These data are parsed according to their data types as mentioned above, and then stored in the corresponding table. In the tables, SQ is the counter number that automatically increases whenever data has been transferred from each of the client modules. Figure 5 shows the PHP Code used for transferring information from the generator to the server through the web page. It checks the information that is being transferred from the TCP / IP client module, and shows the error contents whenever there is any updated information on the web.
From the code shown below, it uses the $sequence for the new input data. It receives count number $sq in the process of searching MySQL DB, and places $sq to $sequence. Then the $sq sends queries for the values that are greater than $squence, puts the data into sessions, and reloads the pages. Both efficiency and real-time detection are implemented in this process. 
Short Message Service (SMS)
The functions to detect malfunction and status of the system are implemented, and that information is reported to the server through the web. The web server installs the SMS to send instant error messages to the TCP/IP server by SUREM [8] . The operation is similar to that of the general socket program. The PHP module connects error messages to the SMS server and transfers them by using the sendto() in Figure 7 . An urgent message is sent to the engineer from the server.
Fig. 7. SUREM PHP module
System Test
The final system test is composed of the following operations:
Extended I/O Circuit test, embedded controller test, TCP/IP communication test, web server test, and remote control test.
Extended I/O board converts the AC voltage from the generator to DC voltage by using the A/D converter. Figure 8 shows the results of the testing conducted using the output voltage of the generator. The comparison of the generated voltage with the measured voltage between AC 320V and AC 450 shows that as the AC voltage increases, the measured value also increases. This difference could be adjusted by tuning the resister value of the OP amp in the extended I/O circuit. Testing of current, frequency, and the engine temperatures is conducted using a similar method.
As a result of our experiments, it may be concluded that the remote web servers and SMS function properly. 
Conclusion
This research concerns remote controllers which effectively control diesel generators. The developed system is capable of real-time monitoring and remote controlling, and is very effective in responding to malfunctions.
The developed remote embedded controller has the following characteristics. First of all, it makes the generator work more efficiently by providing accurate data. Secondly, the administrator can check the status of the generator at any remote location as long as there is access to the web. Finally, in cases of emergency, urgent messages can be sent immediately to the engineer by using the SMS service.
We are sure that our embedded controller offers a wide scope of application in the field of remote digital controllers in the diesel generator industry.
